High-molecular-weight proteins having M protein reactivity were isolated without acid or alkaline digestion. Treatment of a heat-killed group A Streptococcus with sonic vibration released antigens which reacted strongly and specifically with absorbed type-specific antiserum. This antigen preparation was released without diminishing the total yield of acid-extractable M protein of the original heatkilled cells. Fractionation of the sonic preparation on a sucrose gradient yielded four peaks of M reactivity. When these fractions were placed on Sephadex G-200 columns, the M reactive material of three fractions appeared in the void volumes, suggesting that the active material in each had a molecular weight greater than 300,000. The reactivity of the fourth fraction followed closely the void volume of Sephadex G-100. Chemical analysis revealed heterogeneity of the fractions. Spectral analysis showed virtual absence of nucleic acid in three of the fractions and a moderate amount in the fourth. Bactericidal inhibition tests showed activity of three of the four fractions. Analysis of the fractions by Ouchterlony double-diffusion technique revealed that each of the four fractions had several antigenic constituents. All four contained M antigen. T tions and stored at -60 C.
M protein of group A streptococci, one of the organism's many surface antigens (9) , has long been recognized as the best correlate of virulence (15) . It is a phagocytosis-inhibiting factor, and its loss from an organism greatly reduces the organism's pathogenicity and ability to survive in normal human blood. This protein is also the basis of typing of streptococci.
Since its original description by Lancefield (10) in 1928, M protein has been obtained by boiling the streptococcal cell in acid. Acidextracted M protein, however, elicits a very poor precipitating antibody response. Whole cells, therefore, are used for immunization of animals to obtain potent precipitating antiserum to M protein, but absorption to remove nonspecific cross-reactions in this serum generally results in the precipitous decline of the desired specific antibody.
It seemed likely that the harsh acid treatment used for its extraction must impair the integrity of the M protein released. The following studies were carried out to obtain M protein in a form more native than that available from acid extraction. It was hoped that, by using physical rather than chemical methods to release M protein, a better immunogen could be isolated. In this paper, we report the isolation and the serological, chemical, and antigenic properties of soluble, high-molecular-weight surface antigens from a group A Streptococcus. 1-ml por- tions and stored at -60 C.
Culture techniques. After inoculation with 2 ml of a 6-hr THBB culture, several 30-ml cultures in THBB were grown overnight at 37 C. Reagent bottles (4 liters) containing 2.7 liters of THB were each inoculated with a 30-ml culture. A supplement (300 ml, BESDINE AND PINE containing 100 g of glucose/liter, 80 g of NaHCO3/ liter, and 10 g of Na2PO4/liter) was added 2 hr after inoculation. After 18 hr of growth at 37 C, cultures were heat-killed in a water bath (60 C) for 1 hr. The cells were allowed to settle overnight at 4 C, were centrifuged at 10,000 X g for 20 min, and were washed twice with 50 volumes of buffered saline (0.9% saline in 0.01 M K2HPO4-KH2PO4, pH 7.0). All manipulations were carried out at 5 C.
M protein isolation. Acid extraction was carried out by adjusting a 20% suspension (v/v) of heatkilled cells in buffered saline to pH 2.0 with 1.0 N HCl, heating the suspension in a boiling-water bath for 10 min, cooling it and adjusting it to pH 7.0 with 1.0 N NaOH (15) . After the suspension was centrifuged at 38,000 X g for 30 min, the supematant fluid containing the acid-extracted M protein (M acid) was collected and stored at 4 C. (14) and graded 0 to +5. Group-specific qualitative ring tests were performed in a standard manner (17) and were graded 0 to +5. Immunodiffusion tests were performed in a medium (developed by Paul Nichols) of the following composition: 2.25 g of NaCl, 2.25 g of Noble Agar, 0.50 g of K2HPO4, 0.50 ml of 10% MgCI2, 1.0 g of sodium citrate, 0.50 ml of 80% phenol, made up to 250 ml with distilled water. Glass slides (2 by 3 inches; 5.1 by 7.6 cm) were used and developed in a moist chamber at room temperature (24 to 48 hr).
Density gradientt centrifugation. Linear sucrose gradients of 11 ml were prepared with a small gradient machine. Each gradient was loaded with 0.5 to 1.0 ml of test material and was centrifuged 4.5, 6, or 20 hr in the Spinco L-2 ultracentrifuge by using the T-50 rotor (2, 3) or 25.2 swinging-bucket rotor. Fractions of 0.4 to 0.5 ml were collected from each gradient after centrifugation by puncturing the bottom of the tube. The average per cent of sucrose in each fraction was determined by using an Abbe refractometer.
Column chromatography. Sephadex Comparison ofM son and M acid by centrifugation on sucrose gradients. To determine whether M acid and M son had qualitative and quantitative physical differences, the two preparations were centrifuged in identical sucrose gradients (Fig. 2) . Two 11-ml linear sucrose gradients from 10 to 55% sucrose were loaded with 0.5 ml of crude M son and 0.5 ml of crude M acid, respectively. Each was centrifuged for 20 hr at 150,000 x g (average) by using the T-50 rotor. M reactivity of the two preparations was clearly separated on the gradients. M son reactivity appeared in 30 % sucrose, peaked in 40%, and disappeared in 52%, whereas M acid reactivity appeared in 20% sucrose, peaked in 25%, and disappeared in 30%. The behavior of M acid observed in this test is in general agreement with previous measurements (8) . Contrary to the results obtained with M acid, the M reactive material in the sonically treated preparation was separated from the great bulk of 280-nm absorbing material.
Partial purification and resolution of M son obtained by sucrose gradient centrifugation. To define the M reactive fractions present in M son, 10 ml of the crude material was centrifuged for 6.5 hr in sucrose gradients (Fig. 3) . Four 10 to 55% sucrose were each loaded with 1.0 ml of crude M son and were centrifuiged for 6.5 hr at 150,000 X g by using the T-50 rotor. Fractions (0.5 ml) were collected separately from each of the 10 gradients by puncturing the bottoms of the gradient tubes. The average per cent of sucrose in each fraction was read in the Abbe' refractometer. Fractions were combined on the basis of sucrose concentration (±1%); they were diluted 10-fold; the OD at 280 nm was determined; and quantitative precipitin tests were performed.
each fraction was concentrated to 1 to 2 ml in Carbowax.
To further purify the concentrated fractions I through IV, each was placed on a Sephadex G-100 column and was eluted with buffered saline. Each fraction showed an OD peak at the void volume of the column. Fraction I, which was taken from the least dense sucrose, showed substantial disparity between the location of M reactivity and the void volume OD peak. Fractions II, III, and IV, however, showed coincidence of the M reactive tubes and the OD peaks at the void volume.
Within each fraction eluted from the Sephadex G-100 column, the tubes having M reactivity were combined and concentrated in Carbowax 20 to a final volume of 1.0 to 1.5 ml. Each fraction was placed on a Sephadex G-200 column and eluted with buffered saline. Fraction I demon- performed on the tubes that showed the greatest M reactivity. The spectral curves showed that fractions I, II, and III were essentially free of nucleic acid and that the tubes comprising the active peaks within each fraction were homogeneous. Fraction IV, however, had a significant amount of nucleic acid, and the tubes comprising the M reactive peak were not homogenous.
Chemical analysis of the M reactive fractions. Because of the similarity of the spectral curves of the tubes of fraction II from Sephadex G-200, tubes 13 to 17 were combined and concentrated by evaporation to 1.0 ml. Similarly, tubes 10 to 12 of fraction III from Sephadex G-200 were combined and concentrated. The individual tubes of fraction IV from Sephadex G-200 were kept separate because of their obvious heterogeneity, and tube 10, the one with the greatest activity, was analyzed. The most active tube of fraction I from Sephadex G-100 was also analyzed. Table  3 gives the results of analyses of the fractions for protein, hexose, and methylpentose. Protein, hexose, and methylpentose were found in the fractions. The constancy of the hexose-methylpentose ratios and the variation of the proteinhexose and protein values showed that the chemical differences among the three fractions were due to variation in their protein content.
Group-specific reactivity in M active preparations. The comparative group and type reactions of the fractions of M son in various stages of purification are presented in Table 4 . Although the strength of the M reactivity changed little with purification, group reactivity in the preparations decreased. However, group reactivity was present in all of the fractions which were isolated.
Bactericidal inhibition tests. Bactericidal inhibition tests showed that all but fraction III inactivated type-specific immune serum and that the greatest activity was in fraction I. The lack of activity in fraction III, however, may reflect a concentration phenomenon rather than impotence of this fraction.
Antigenic analysis of fractions by immuinodif- fusion studies. The antigenic composition of each purified fraction was studied by the Ouchterlony double-diffusion technique. Figure 4 shows the reaction of three antigen preparations, M son, M acid, and M son treated with acid, with typespecific absorbed antiserum. A band of identity which represents M protein was present in all three antigens, M acid, M son, and fraction I, Sephadex G-100. Two other bands were present in M son and were acid-labile, since they were not found in M acid and acidtreated M son. Because acid lability is a classic feature of T protein and because anti-T antibody was known to be in the absorbed M antiserum, it appeared that one of the two additional bands I   +3  +5  II  +3  +5  III  +3  +5  IV  +3  +4  G-100  I   +3  +4  II  +2  +4  III  +1  +4  IV  +3  +4  G-200   I  +1  +4  II   trace  +4  III  trace  +4  IV, T 10 contains all three bands of M son-M protein, T protein, and the third, unknown antigen. Figure 8 shows the reaction of fraction IV purified on Sephadex G-200 with M and T antisera. This fraction has no T band. It shows a band of partial identity with M and a band of total identity with the third, unnamed band present in M son. Figure 9 shows the reaction of fractions I through IV against type-specific absorbed M antiserum and group A antiserum. Each fraction showed group reactivity. The broadness of the bands makes interpretation difficult, but it appears that the M band of M son shows no identity with group A antiserum. The fractionation of M son on a sucrose gradient yielded four distinguishable fractions. Physical, chemical, and serological analysis confirmed that these fractions are different from one another. Fraction I was retained on Sephadex G-100. It was the only fraction whose M reactivity was not confined to the void volume of Sephadex G-100 and G-200. Since the reactivity of fraction I was eluted immediately after the void volume of Sephadex G-100, its molecular weight can be estimated at less than 100,000. Although this molecular weight is in the range reported for acid-extracted M protein (8), the two preparations cannot be considered equivalent since only one of them has been subjected to acid hydrolysis. In addition, the sedimentation characteristics of fraction I and M acid are different. The M reactivity of fractions II, III, and IV was confined to the void volume of Sephadex G-100 and G-200, suggesting that the M reactive material in each fraction had a molecular weight in excess of 300,000. Their relative positions in the sucrose gradient suggest that fraction IV has a density greater than fraction III which is denser than fraction II.
Antigenic analysis of the fractions by Ouchterlony double-diffusion tests revealed that each fraction is composed of at least two different antigens. Fraction I contains M and T antigen. Fractions II and III contain M, T, and a third unknown antigen. Fraction IV contains M and the unknown antigen, but no T. M son is not a single antigenic species, but rather is three families of antigens of increasing density and probably of increasing molecular weight. M antigen appears in each fraction; T appears in all but the most dense fraction, and the third antigen, in all but the least dense fraction.
All the fractions had some group A activity, although it diminished with purification. 
